AbstrACt: Dreissena polymorpha (Pallas, 1771) is an alien bivalve species that has successfully spread in lotic and lentic water habitats of Poland. The aim of the study was an assessment of differences in the level of colonisation of zebra mussel individuals residing on the shell surface of Unionidae gathered from the shore zone of water bodies both between Unionidae species and the two lakes of central Poland that were sampled. The lakes are surrounded by forest, and have silty-sandy bottoms that are poor in hard surfaces, but these water bodies vary in size and wave exposure. Specimens of two Unionidae species, Anodonta anatina (Linnaeus, 1758) and Unio tumidus Philipsson, 1788, were collected from both lakes and numbers of colonizing D. polymorpha individuals fixed to their shells noted. The majority of collected unionids were inhabited by D. polymorpha. Our results suggest that Unionidae living in the smaller lake were more exposed to colonisation by D. polymorpha, and that A. anatina in both lakes was more likely to be used as a substrate for D. polymorpha colonies than U. tumidus.
INTRODUCTION
The decline of Unionidae populations has been recorded globally and has become a major problem of conservation biology (Lopes-LiMA et al. 2017) . Interactions with other organisms, especially those of alien origins, have had a negative impact on Unionidae communities (CoLoMbA et al. 2013) . One of the most successful invertebrate colonizers of worldwide waters is the zebra mussel Dreissena poly morpha (Pallas, 1771), a Ponto-Caspian species accidentally introduced to water habitats of Poland at the beginning of the 19th century (LewAndowski 2001) . This species significantly differs from mussels native to Poland in aspects of life history and ecological traits (MACkie 1991 , burLAkovA et al. 2000 , pieChoCki & wAwrzyniAk-wydrowskA 2016 . An important feature which enables D. polymorpha individuals to colonise new areas is their high reproductive potential (MACkie 1991 (MACkie , sprung 1993 , resulting in very high densities of populations that can exceed 110,000 individuals m -2 in favourable conditions (wiktor 1969). However, the zebra mussel larvae need to attach to a stable, preferably hard surface for further development (LewAndowski 2001 , sChLoesser & sChMuCkAL 2012 . This larval period is often characterised by a large reduction in the number of mussels due to the lack of adequate substrate in the habitat (StańczykowSka 1977 , LewAndowski 1982 , burLAkovA et al. 2000 . The surface of Unionidae shells is a suitable surface used by D. polymorpha colonies (LewandowSki 1976 , sChLoesser et al. 1996 , burLAkovA et al. 2000 . D. polymorpha residing on Unionidae shells significantly influence the biology and physiology of hosts, including reduction of their survival, impaired movement and shell deformation, also causing the host to sink into the muddy substrate (sChLoesser & nALepA 1994 , burLAkovA et al. 2000 , grizzLe & brunner 2009 , bódis et al. 2014 . The preferred location of zebra mussel aggregation on Unionidae shells is near the posterior, siphonal part. Such aggregation causes competition for food (hörMAnn & MAier 2006) or even may contribute to strangulation of the host (grizzLe & brunner 2009).
The purpose of the research was an assessment of differences in the overgrowth of native Unionidae species by D. polymorpha in the littoral zone areas of lakes in terms of 1) Unionidae species and 2) research areas.
MATERIAL AND METHODS
The samples were gathered in July 2014 from Bachotek (53°17'18"N, 19°28'27"E) and Dębno lake (53°23'01"N, 19°24'50"E) (Fig. 1) in Central Poland. Both study sites were characterised by macrophyte-rich littoral zones and silty-sandy bottoms, which are poor in stones, branches as well as other hard surfaces (except for Unionidae shells).
The mean values of physical and chemical parameters of Bachotek and Dębno lake water were: conductivity (360 or 323 μS/cm, respectively), oxygen (9.8 or 8.9 mg/l), pH (8.3 or 8.2) and water temperature (23.6 or 24.6 °C) were measured during the study with the core sampler and a MultiLine P4 (WTW) Universal Pocket Sized Meter. The features which significantly differentiate both lakes are their wave exposure and size. Bachotek is a mid-forest, post-glacial, gutter lake with a shape elongated from north to south, while Dębno is a mid-forest lake with a poorly developed high bank line. Lake Bachotek (volume: 15,394.2 m 3 , surface: 211.0 ha)
is much larger than Lake Dębno (volume: 3,281.6 m 3 , surface: 59.6 ha) (choińSki 1991).
The two Unionidae species found in the lakes, Anodonta anatina (Linnaeus, 1758) and Unio tumidus Philipsson, 1788, were collected in the littoral zone under stable weather conditions. The collection sites were areas of 0.5 ha each. To standardise efforts across both sites, two person-hours of collection time was used at each research site, following burLAkovA et al. (2014) . The sampling of mussels in each site was carried out manually by wading in shallow water (up to a depth of 1.5 m) and using tactile searches. The mussels were transported to the laboratory in containers with lake water. pieChoCki & wAwrzyniAk-wydrowskA's (2016) key was used for morphological identification of bivalve species. D. polymorpha individuals were gently detached from Unionidae shells and counted. Unionidae shell sizes (shell length, height and width) were measured with the use of an electronic caliper. The wet weight (in A Chi-square test of contingency table was used to compare the number of Unionidae inhabited and non-inhabited by D. polymorpha in terms of the study sites and the unionid mussel species. A MannWhitney U test was used to compare: 1) the number of D. polymorpha on Unionidae shells between study sites, 2) the number of D. polymorpha and the weight of their colonies between two Unionidae species, and 3) the wet weight and the shell sizes of the studied Unionidae species.
RESULTS
A total of 239 individuals of Unionidae (Lake Bachotek: 62 A. anatina, 40 U. tumidus; Lake Dębno: 80 A. anatina, 57 U. tumidus) and 2,608 individuals of the zebra mussels from their shells were collected. The mean shell size and weight of A. anatina was higher than U. tumidus (P<0.001) (Fig. 2) . D. poly morpha was found on 74.9% of the collected unionids. The number of Unionidae with D. polymorpha significantly differed between study sites (χ 2 =387.6; df=1; P<0.001). Unionids were more frequently colonised by the zebra mussels in Lake Dębno compared to Lake Bachotek (86.7% and 58.8%, respectively). Similarly, more individuals of D. polymorpha on Unionidae shells were noted in Lake Dębno (Mann-Whitney U test, P<0.001). There was a significant difference between species in the number of Unionidae individuals inhabited by the zebra mussels (χ 2 =414.30; df=1; P<0.001). A. anatina individuals were more often colonised by D. polymorpha (83.1%) than U. tumi dus (62.9%). In addition, colonies on the surface of A. anatina shells were more numerous (Mann-Whitney U test, P<0.001) and heavier (Mann-Whitney U test, P<0.001) (Fig. 3) . The biggest colonies of D. poly morpha found on A. anatina and U. tumidus shells were composed of 86 and 27 individuals, respectively. In both these cases the weight of D. polymorpha colonies (33.0 g on the A. anatina shell and 14.0 g on the U. tu midus shell) was higher than the weight of the hosts (28.8 g for A. anatina and 3.2 g for U. tumidus).
DISCUSSION
Our research confirms that the surface of Unionidae shells is a suitable habitat for D. polymor pha (LewandowSki 1976 , burLAkovA et al. 2014 , dzierżyńSka-Białończyk et al. 2018 , especially in the absence of other hard substrates available, even in habitats characterised by high waviness. The percentage of unionids inhabited by D. polymorpha in our study is comparable to the results noted in other European lakes (LewandowSki 1976 , kArAtAyev 1983 , burLAkovA 1998 , burLAkovA et al. 2000 . piLotto et al. (2016) indicate that D. polymorpha does benefit from an association with unionid species.
The differences between study sites regarding the number of Unionidae colonised by D. polymorpha may be caused by different densities of dreissenids in varied sized lakes, as well as the different exposure of both lakes to the wind. In the larger Lake Bachotek, the population of D. polymorpha may reflect the dilution effect (StańczykowSka 1964) , in addition, the high banks of the smaller Lake Dębno, which protect the molluscs' habitat against wind, provided better conditions for colonisation by zebra mussels. Both a larger area, and wind exposure of a lake contribute to stronger wave action, which has a negative impact on the biomass of D. polymorpha colonies as well as the number of individuals in the colonies (kArAtAyev et al. 2006) . The dilution effect referred to above also affects Unionidae populations. As a result, more dense populations of A. anatina and U. tu midus are found in the small Lake Dębno than in the much larger Lake Bachotek. As a consequence, the littoral of Lake Dębno is characterised by a greater area of Unionidae shell surface available to D. poly morpha for colonisation than in the Bachotek lake. While other physical and chemical properties of lake waters may influence the development and density of molluscs (Lodge et al. 1987 , hinCks & MACkie 1997 , MAtthews & MCMAhon 1999 , horsák 2006 , white et al. 2015 , those measured were very similar in each lake. We cannot, however, discount possible differences between lakes, for example in levels of predation (thorp et al. 1998) .
The shell size of the host species was the factor that differentiates the settling of D. polymorpha on the shell surface of A. anatina and U. tumidus. These results confirm the observations of ALdridge (2010) and sousA et al. (2011) indicating that larger shells of A. anatina compared to U. tumidus provide larger surfaces for colonisation by zebra mussels. These authors additionally pointed out that the factor differentiating the size of D. polymorpha colonies inhabiting A. anatina and U. tumidus can be different behavior of the hosts (e.g. A. anatina can burrow in a lake bottom more deeply than U. tumidus). In addition, experimental research carried out by dzierżyńSka-Białończyk et al. (2018) showed that D. polymorpha colonises different Unionidae species to variable extent because of their active substratum selection. All data cited above and our results remain in opposition to research by bódis et al. (2014) who stated that Unio species could be equally infested by D. polymorpha as other Unionidae species such as A. anatina and Sinanodonta woodiana, because shells of sedentary zebra mussels are equally good substrate for further settlers. In addition, burLAkovA et al. (2014) found no evidence to suggesting a preference of Dreissenidae infestation among unionid species depending on life strategies or tribes. However, as burLAkovA et al. (2014) emphasise, it may be the result that their hypotheses were tested on species that were adapted to the specific nearshore habitats which they examined.
As can be seen from the quoted papers, there is no unambiguous answer to the question about the most important factor determining the intensity of settling of D. polymorpha on Unionidae shells. Significant differences in this respect were recorded between populations inhabiting lakes of different surface area and wave exposure, so we assume that effective colonisation of Unionidae shells by D. polymorpha individuals depends, to a large extent, on physical factors in the environment inhabited by these species. Moreover, due to the considerable colonisation of native bivalves by invasive species of mollusc as well as their possible negative effect on Unionidae biology, further research should focus on the experimental study of the life span of unionids inhabited and non-inhabited by D. polymorpha.
